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In 1989, fifty-six million women age sixteen and older were
working or kyiking for work. Fifty-seven percent of all
women sixteen years or older were labor force participants.

Two out of three people .who are earning minimum wage are
women.

Sixty percent of women in the labor force work out of eco-
nomic need. They are single, divorced, widowed, or have
spouses that earn less than fifteen thousand dollars per year.

Sixteen percent of all families are maintained solely by
women.

By the year 2000, two out of three entrants to the labor force
will be women.

The average woman can expect to spend twenty-nine years
of her life in the labor force.
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INTRODUCTION
One in every six families is maintained by a woman, and more

families than ever before are relying on women's earnings, For
..3 this reason, raising women's status in the labor market has bcen

called the family issue of the nineties (Spalter-Roth and Hart-
`... mann, 1991). Although approximately half the American work

force comprises females, most of those women are working in
low-paying jobs. Many people attribute this situation to women's
lack of preparation in math and science. PERUISSION TO REPRODUCE

THISMATERIAL HAS BEEN GRANTED to

TG THE EDUCATIONAL
RESOURCESINFORMATION

CENTER (ERIC)."

Females are underrepresented in courses in mathematics, sci-
ence, and computer and other high tech applications (Sanders and

Lubetkin, 1989). Females are also avoiding courses in Mdus trial
arts, trades, and other vocational-technical programs that provide
training in applied technology. In one study, only four percent of
female high school seniors, compared to twenty-three percent of
male seniors, had taken at least two years of nontraditional
ourses, such as automotive mechanics,c ommercial art, drafting,

or welding. Only three percent of female high school seniors,
compared to seventeen percent of male seniors, had taken at least
two years of technical courses, such as communications, trans-
portation, or electronics technology (Strauss, 1988).

Mathematics and science are critical filters in the educational
process for girls. That is, females reduce their future job
opportunities by at least fifty percent when they choose not to
take math and science courses. Female technicians with math
and science training and a high school degree, a one-year
postsecondary certificate, or a two-year associate degree are
already in high demand (Stern, 1991). Because the level of
technological sophistication required of workers is increasingso
rapidly, and because the information required to deal with tech-
nological advances is learned through mathematical and scien-
tific concepts, girls who don't strengthen their math and
science skills are destined for poverty.

This paper will focus on the barriers that prevent females from
participating in mathen etics, science, and technology at the
same rate as males. It will suggest ways to overcome these
obstacles, and will supply a list of additional resources that are
available to teachers and administrators to encourage girls' par-
ticipation in math and science. Although the suggestions focus
on female students, the proposed strategies can be used to recruit
all students to take interest in math. science, and technology, By
encouraging student interest in these disciplines, they will be
better prepared to participate in an economy that requires techno-
logically literate citizens.
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REASONS WHY-GIRLS
DON'T PARTICIPATE IN
MATH, SCIENCE, AND
TECHNOLOGYlv

During dr. elementary school years, girls enjoy math and
achieve in math as much as boys do. or even more. Yet when
adolescence begins, girls become disinterested in math and
science, and achievement and participation decline (Franklin,
1990). There has been a great deal of research conducted in the
last decade that identifies a variety of factors that contribute to
females' lack of participation in math, science, and technology.
These factors include, but are not limited to

Stereotypic images and expectations

Lack of self-confidence

Peer pressure

Learning environment

Teacher behavior
Lack of female role models

Failure to see relevance
Attributional style or personal responsibility

Lack of incentives

Stereotypic Images and Expectations
Society stereotypes math and science as male domains. Par-

ents, teachers, counselors, and peers expect boys to do better in
math than girls (Beane, 1WS8). Math is considered more valuable
in the educational preparation of boys than it is for girls. Coupled
with this are the stereotypic images that textbooks and the media
project about women in math. science, and technology. If the
women are successful,they are portrayed as uncaring, unpopular,
and unattractive women. Most often though, they are portrayed
as uninteresting and unsuccessful.

Female students internalize these messages. Because girls
want to be viewed as attractive and feminine, some just choose to
avoid, or to not achieve in, math and science courses. Some girls
start to believe that they cannot do math, or they develop math
anxiety stemming from an expectation of failure related to math.

Lack of Self-Confidence
Research regarding the success of boys and girls in math and

science courses cites girls as having less confidence in their
abilities regardless of any real difference in performance
(Franklin. 1990). Sherman (cited in Chipman and Wilson, 1985)
found that students' confidence as math learners was clo3ely
correlated to how much encouragement they received from their
teacher. Equally important was the amount of encouragement
that students received from their parents that built confidence in
their academic abilities.

Peer Pressure
Related to stereotypic expectations and a lack of self-confi-

dence is the influence that peer attitudes have toward female

participation in these disciplines. In a survey of nontraditional
career students at a joint vocational school in Ohio, a recurrent
theme was the disapproval of female participation by male peers
(Kapostasy, 1991a), Male students stated that female students
should not be in particular classes because those classes were for
males only. At a time when females seek approval and value
relationships, these comments have a profound impact on girls
(Gilligan, 1990). For many girls, it is easier to avoid the math,
science, and technical courses that elicit these comments than to
jeopardize their friendships and threaten their dignity.

Learning Environment
It is important to keep in mind that many females place a high

value on relationships. They value cooperation over competi-
tion. When relationships are threatened by competition, or when
circumstances are perceived by girls as unfair, girls tend to avoid
or withdraw from the situation (Gilligan, 1990). Traditionally,
math and science activities in the classroom have been driven by
competition and not cooperation, WM.., students are solving
math problems or developing science projects, teamwork has not
been emphasized as strongly as individual work has been.

Teacher Behavior
Teachers in general have been found to give boys more praise,

more cthicism, and more remedial help than they give girls.
Teachers also respond more frequently to boys' requests for help
and talk to boys more about ideas and concepts (Eccles, 1989). In
math and science courses where girls need extra encouragement
to counteract all the other barriers, more attention to girls is a
necessity. However, giving attention and resources to boys is so
much the norm that teachers who try to give equal attention to
girls often feel uncomfortable because they think that the boys are
being slighted ',Whyte, 1984). This is usually not intentional: it
more often results from socialization and can be corrected once
teachers are aware of the situation, have practice responding
fairly and equally. and receive feedback.

Lack of Female Role Models
Modeling behavior is a significant vehicle for learning. With-

out role models, female students have difficulty achieving in
perceived male activities. Even though there have been signifi-
cant contributions by women in the fields of math and science,
these women are no: often visible in textbooks or in the class-
room. When girls have female role models they are more likely
to participate and achieve in these fields. For example, girls
having a high percentage of female math teachers more often
pursue math-related careers (Franklin, 1990).

Failure to See Relevance
Students are often unable to see the relevance of mathematics

in the real world. They have difficulty relating abstract concepts
to concrete daily experiences, such as budgeting money, pur-
chasing items, or balancing a checkbook. This inability on the
part of the student to see the need for math or science skills causes
a disinterest in the subjects that can be linked to low achievement,
Additionally, many students do not believe that they will need
math or science skills in their chosen career, even though virtu-
ally every profession requires math and science concepts and
problem-solving abilities.



Attributional Style or Personal Responsibility
A not-so-familiar factor that prevents women from succeeding

in these nontraditional areas is based on female's perceptions of
personal responsibility. The concept is called attrihutional style
and it refers to how one attributes success and failure. Boys
typically attribute their success to skill, and attribute failure to
their lack of effort or to the task's difficulty. In other words, they
are personally responsible for success, but failure is not their
fault. Girls attribute their success to luck, and attribute failure to
their lack of abil ity. Therefore, success isnot attained, it is merely
chance; and failure results in self-blame. Attributing success to
external factors and failure to a lack of ability has been linked to
a pattern called learned helplessness (Frank lin, 1990). Girls with
this attitude are destined for failure because they expect failure
and therefore they don't even try.

Lack of Incentives
Finally, there is little incentive for students and schools to

achieve in mathematics, science, and technology. Although
President Bush has identified math and science as areas in which
American students need to excel, local school districts are not
driven to meet this objective. At present, technology is not a
subject in our schools. Similarly, science and technology are not
areas included on Ohio's proficiency exam. Students find it
difficult to enroll and persist in these courses because the studies
tend to be rigorous and require much effort. For the vocational
or general education student who does not plan to enter college,
there is no reward related to the work force that encourages
excellence in mathematics, science, or technology (Bishop, 1988).
To these students, there appears to be no good reason for pursuing
these subjects any more than is absolutely necessary.

IMPLItATIOgS FOR
EDUCATION

The reasons why female students do not pursue mathematics,
science, and technology are diverse and yct connected. The
strategies for addressing these issues are valuable not only to
females but to all students about to enter the next century.

For students to function as tomorrow's work force, they must
be prepared to meet the needs of a highly technical and ever-
changing society (Fear-Fenn, 1986). Math and science are just
the cornerstones of the technological literacy that will be needed
to succeed in the next century. The following suggestions, which
address the underrepresentation of women in mathematics, sci-
ence, and technology, come from a variety of sources and a
culmination of experience. However, two partic ularl y influential
sources are the EQUALS materials, published by Kaseberg.
Kreinberg. and Downie (1990), and Add-Ventures for Girls:
Building Math Confidence (Franklin, 1990).

Dispelling Stereotypes
In order to address the adverse affects of stereotypic attitudes,

teachers can provide examples of females in story problems, on
bulletin boards, and in disc ussions. For example, when present-
ing story problems, teachers can substitute a female name to
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identify the welder, builder, or technician. By avoiding ster-
eotypic language, teachers can help females relate to being
successful in these areas. Also, teachers can use girls' personal
experiences to promote the idea that girls have been, and can be,
successful in math and science. Girls have often measured
ingredients when cooking or dimensions when sewing.

Counselors and parents m ust encourage females to take courses

in mathematics, science, and technology. It is a misconception
that an advanced degree is required to apply these cencepts or to
earn high wages in these areas. There are nearly twice as many
technical jobs making use of math, science, and technological
applications as there are professional jobs that do so. Females
need a firm foundation at the secondary level in these areas.

Increasing Self.confidence
Students won't be successful if they believe they can't be suc-

cessful. However, once success is experienced, it can be built
upon. Females need a great deal of practice in nontraditional
tasks in order to become confident in their abilities. Many
computer software programs provide this opportunity as well as
direct feedback, and avoid public correction.

It is importam to structure activities that enable students to
experience success. By understanding the need to know how to
get to the answer rather than to simply arrive at the right answer,
students will be more willing to take the risks necessary to
internalize the mathematical or scientific concepts. Also, stu-
dents' fear of getting the wrong answer lessens if the process. and
not the result, is focused upon.

Utilizing Peer Pressure
Peer pressure can be a powerful influence on student decision

making. Rather than allowing peer pressure to prevent females
from participating in math and science, teachers can use it to help
recruit students into these subjects. Teachers should try to make
success in these subjects high status and to use peer pressure as
a positive influence. This can be achieved by creating clubs or
support groups for females that focus un their interests.

For example, Girls Excited About Math and Science (GEMS)
is a club that meets weekly in order to make students aware of the
importance of math and science (Kapostasy, 1991b). During
these meetings students talk with role models, watch videotapes
that show the relevance of mathematics, take field trips to
interesting places, and participate in activities that are designed
to increase skills and confidence in math and science. Because
of the high interest level. students recruit peers into thec ub, af ter
which relationships are formed and females are less likely to feel
the need to avoid the areas of mathematics, science, and technol-
ogy. Other programs that can involve parents, business or com-
munity groups, or teachers with studentsare Operation SMART
and Family Math. These are further discussed in the list of
additional resources.

Enhancing the Learning Environment
This country's educational system has traditionally focused on

what is thought to be a male learning style, competitiveness
(Franklin, 1990). This type of teaching strategy can be intimidat-
ing to female students and to some males. Cooperative activities



are now being suggested as more advantageous for the variety of
students. Cooperative activities involve students working to-
aether in teams to solve problems. If all-male and all-female
teams are avoided, both genders will learn valuable communica-
tion strategies that will be useful to them when they enter the
work force. A round-robin technique is recommended for groups
in order to prevent a high lchiever from dominating the group.
Some teachers have found the rotation of leadership roles to be
effective in encouraging all students to participate.

Equalizing Teacher Behavior
it is hard to monitor or evaluate one's own teaching behavior

while teaching. But teachers who videotape themselves and then
c(de their interactions with students arc often amazed to find
invisible studentsstudents who never talk and arc never ad-
dressed. Studies have shown that another very effective means
ot equalizing teacher behavior is through Gender/Et/me Expec-

tations and Student Achievement (GESA) training. In GES A

tr.nning. teachers team with other teacher:: and then observe and

code one another's individual interactions with students. Ohio
educational leaders have been promoting GESA training for
everal years. For more information, contact Connie Blair at the

Ohio Department of Education. Division of Vocational and
Career Education.

Providing Female Role Models
..inking with business and industry to provide lemale role

models is an excellent strategy. Another is work* with local
unions or women's organinitions to find female role models.

Educators can invite female technicians into the classroom to talk
about their experiences and their work. An excellent resource is
Exemptars, published hy the Ohio Academy of Science, which
lists women in Ohio who are willing to serve as mentors tor
ming !male students interested in similar career pursuits.

Teachers can also prepare bulletin boards, tests, and daily assign-
ments with women pictured as the technicians.

Implanting Relevance
Rather than teaching skills in isolation, teachers can present

lessons with real-life applications by using the names ot students
in the class, businesses in the area, other teachers in the school.
.aid practical examples that students can appreciate. This will
haw the students interest to their lessons. In order to incorporate
ooperative learning and to show mathematical relevance, ask

students to work in groups to identify a number of ways in which
math can he used in specific vocations or in their daily applica-
oons. Then ask students to create, share, and solve story prob-
iems related to each of the applications.

Adjusting Attributional Style and Instilling
Personal Responsibility

Self comments that attribute success or failure to external
forces can he devastating to a student. Students need to realize
that they are personally responsible for their successes and fail-
ures. When a teacher hears a student demeaning his or her own

ability or escaping personal responsibility, the teacher should
address the comment to help the student see their responsibility.
Another option is to seek opinions from other students who can
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exert peer pressure and encourage positive behaviors. Students

need to be aware that they are in direct control of their behavior
and that they are also responsible for facing the consequences of
their behavior. Occaskinally, they need to be reminded that with
more effort they are capable of achieving success, It can also he

helpful to provide specific praise for small accomplishments in
order to avoid always praising students just for their efforts
(Franklin, 1990),

Creating Incentives
.\ !though teachers have little power over political decisions.

teachers can provide incentives for students. Teachers can create
an atmosphere of mutual respect and send all students the

message that they are capable and valuable. This will provide a
firm foundation on which to begin instruction. In order to provide
drill and practice, teachers may find game-like fortoats more en-
2oyable. Finally, reinforcements such as pencils, erasers, paper.
ir even a point system designed to earn classroom activities or
privileges can serve as powerful motivators kg even the most
mature audiences.

SUMMARY

The reasons for female disinterest and decline in achievement
in mathematics, science, and technology are numerous yet re-
lated. As technology continues to explode at an ever increasing
rate, a becomes more important than ever before tor students. and
particularly female students. to expand their skills and knowl-
edge in the area of math and science in Ider to fully participate
in a highly technical society. If teachers can make math and
science courses interesting, inviting, relevant, and enjoyable for

students, then Audents may enroll in these courses. Pie more
nmthematies and science courses that students take, the greater
will be the number of options available to them in the future.
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program, conduct the activities, evaluate the program's impact
on girls, and promote linkages with community science re-
source organizations. An eight-minute video shows SMART
girls in action.

Sanders, J. S., and A. Stone. The Neuter Computer: Computers
for Girls and Boys. New York: Neal-Schuman Publishers,
1986. This book was written for everyone who wants to
increase or improve computer use by children, especially girls.
This includes educators at all levels, parents, students, teacher
trainers, and educational policy makers. Among the fifty-six
computer-equity strategies in this book are a good number that
don't require a computer at all. The project that tested the
strategies in this book increased girls computer use nearly one
hundred and fifty percent in one term. That is, whereas girls
made up one quarter of the optional-time computer users at the
beginning of the term, girls accounted for half of this group at
the term's end.

Sternmark, J. K., Thompson, V., and R. Cossey. Family Math.
Berkeley, CA: University of California. EQUALS program.
1986. This activities book (kindergarten through eighth grade,
and early secondary education) helps develop the ability to
visualize spatial relationships (geometry), to approximate (es-
timation), to interpret data (probability and statistics), and to
reason mathematically (logical thinking). The activities focus
on problem-solving skills and build an understanding of mathe-
matics by offering hands-on materials. The book describes a
family math course of six to eight sessions for students in
kindergarten through eighth grade; the course is designed to be
taught by parents, but can be taught by teachers or community
volunteers as well.
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